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at the Diftance of above 120 Feet, and Silver 
at 70. The Theory which led me to this Difco- 
very is founded upon two important Remarks, the 
one that the Heat is not proportional to the Quantity 
of Light, and the other that the Rays do not come 
parallel from the Sun. The firft of thofe, which 
appears to be a Paradox, is neverthelefs a Truth, of 
which one may eafily fatisfy one's felf, by refle&ing 
that Heat propagates itfelf even within Bodies* and that 
when one heats at the fame time a large Superficies, 
the Firing is much quicker than when one only 
heats a fmall Portion of the fame. 

I am, &c. 

From the Chateau de Montbard in 
Burgundy, Sept. 18. N.S. 1748, 

Buffon. 


V. Jn EJfay on Quantity; occafioned by read¬ 
ing a Treatife , in which Simple and Com¬ 
pound Ratio’s are applied to Virtue and 
Merit, by the Rev. Mr. Reid; communi¬ 
cated in a Letter from the Rev. Henry 
Miles D.D. & 1 F.R.S. to Martin Folkes 
Efq\ Pr.RS. 

Sect. i. 

What Quantity is. 

Read Nov. 3-0 INCE mathematical Demonftration 
1748 is thought to carry a peculiar Evi¬ 

dence along with it, which leaves no Room for 
further Difpute* it may be of fome Ufe, Or Enter¬ 
tainment 
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tainment at leaft, to inquire to what Subjects this 
kind of Proof may be applied. 

Mathematics contain properly theDoftrine of Mea¬ 
fure j and the Objeft of this Science is commonly 
faid to be Quantity j therefore Quantity ought to be 
defined, What may be meafured. Thofe who have 
defined Quantity to be whatever is capable of More 
or Lefs, have given too wide a Notion of it, which 
I apprehend has led fome Perfons to apply mathe¬ 
matical Reafoning to Subjects that do not admit 
of it. 

Pain and Pleafure admit of various Degrees, but 
who can pretend to meafure them ? Had this been 
poflible, it is not to be doubted but we fhould have 
had as diftinft Names for their various Degrees, as 
we have for Mealures of Length or Capacity and 
a Patient fhould have been able to defcribe the 
Quantity of his Pain, as well as the Time it began, 
or the Part it affedted. To talk intelligibly of the 
Quantity of Pain, we fhould have fome Standard to 
meafure it by; fome known Degree of it fo well 
afcertained, that all Men, when they talked of it, 
fhould mean the fame thing 5 we fhould alfo be 
able to compare other Degrees of Pain with this, 
fo as to perceive diftinctiy, not only whether they 
exceed or fall fhort of it, but how far, or in what 
proportion 5 whether by an half, a fifth, or a tenth. 

Whatever has Quantity, or is meafurablc, mud 
be made up of Parts, which bear Proportion to one 
another, and to the Whole; fo that it may be in- 
creafed by Addition of like Parts, and diminifhed 
by Subtraction, may be multiplied and divided, and 
in a Word, may bear any Proportion to another 
2 Quantity 
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Quantity of the fame kind, that one Line Of Num¬ 
ber can bear to another. That this is efiential to 
all mathematical Quantity, is evident from the firft 
Elements of Algebra, which treats of Quantity in 
general, or of thofe Relations and Properties which 
are common to all Kinds of Quantity. Every alge¬ 
braical Quantity is fuppofed capable not only of 
being increafed and diminifhcd, but of being exa&Iy 
doubled,.tripled, halfed, or of bearing any aflignable 
Proportion to another Quantity of the fame kind. 
This then is the Ghara&eriftic of Quantity 5 what¬ 
ever has this Property may be adopted into Mathe¬ 
matics } and its Quantity and Relations may be mea- 
fured with mathematical Accuracy and Certainty, 

Sect. 2. 

Of Proper and Improper Quantity. 

There are fome Quantities which may be called 
Proper , and others Improper. This Diftin&ion is 
taken notice of by Arijiotle ; but it deferves fome 
Explication. 

I call that Proper Quantity which is meafured by 
its own Kind; or which of its own Nature is capa¬ 
ble of being doubled or tripled, without taking in 
any Quantity of a different Kind as a Meafure of it. 
Thus a Line is meafured by known Lines, as Inches, 
Feet, or Miles; and the Length of a Foot being 
known, there can be no Queftion about the Length 
of two Feet, or of any Part or Multiple of a Foot. 
And this known Length, by being multiplied or di¬ 
vided, is fuflicient to give us a diftin£t Idea of any 
Length whatfoever. 


Xxx 


Improper 
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Improper Quantity is that which cannot bemeafured 
by its own Kind; but to which we aflign.a Meafure 
by the means of fome proper Quantity that is related 
to it. Thus Velocity of Motion, when we confider 
it by itfelf, cannot be meafured. We may perceive 
one Body to move fafier, another flower; but we 
can have no diftinct idea ,of a Proportion or Ratio 
between their Velocities, without taking in fome 
Quantity of another Kind to meafure them by. 
Having therefore obferved, that by a greater Velocity 
a greater Space is paffed over in the fame time, by 
a, lefs Velocity a lefs Space, and by an equal Velo¬ 
city an equal Space } we hence learn to meafure 
Velocity by the Space paired over in a given Time, 
and to reckon it to be in exact Proportion to that 
Space : And having once afligned this Meafure to it, 
we can then, and not till then, conceive one Velo¬ 
city to be exactly double, or half, or in any other Pro¬ 
portion to another; we may then introduce it into 
mathematical Reafoning without Danger of Confu- 
fion, or Error, and may alfo ufe it as a Meafure of 
other Improper Quantities. 

All the Kinds of Proper Quantity we know, may, 
I think, be reduced to thefe four, Extenfion, Du¬ 
ration, Number, and Proportion. Tho’ Proportion 
be meafurable in its own Nature, and therefore 
hath Proper Quantity, yet as Things cannot have 
Proportion which have not Quantity of fome other 
Kind, it follows, that whatever has Quantity muft 
have it in one or other of thefe three Kinds, Ex¬ 
tenfion, Duration, or Number. Thefe are the Mea- 
fures of themfelvcs, and of all Things elfe that are 
meafurable. 


Number 
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Number is applicable to fomethings, to which it is 
not commonly applied by the Vulgar. Thus, by atten- 
tive Confidcration, Lots and Chances of various Kinds 
appear to be made up of a determinate Number of 
Chances that are allowed to be equal 5 and by num¬ 
bering thefe, the Values and Proportions of thofc 
which are compounded of them may be demon- 
ltratcd. 

Velocity, the Quantity of Morion, Denfity, Elafti- 
city, the Vis injita y and imprejj'(i y the various Kinds of 
centripetal Forces, and different Orders of Fluxions, 
are all Improper Quantities 5 which therefore ought 
not to be admitted into Mathematics, without hav¬ 
ing a Mcafure of them aflianed. The Meafure of 
an improper Quantity ought always to be included 
in the Definition of it; for it is the giving it a 
Meafure that makes it a proper Subject of mathe¬ 
matical Reafoning. If all Mathematicians had con- 
fidered,this as carefully as Sir Ifaac Newton appears 
to have done, fome Labour had been faved both to 
themfelves and to their Readers. That Great Man, 
whoie clear and comprehenfive XJndcrftanding ap¬ 
pears, even in his Definitions, having frequent Oc- 
cafton to treat of fuch improper Quantities, never 
fails to define them, fo as to give a Meafure of 
them, either in proper Quantities, or in iuch as 
had a known Meafure. This may be fecn in the De¬ 
finitions prefixed to his Princip. Phil. Nat. Math. 

It is not eafy to fay how many Kinds of impro¬ 
per Quantity, may in time, be introduced into Ma¬ 
thematics, or to what new Subjects Meafurcs may 
be applied: But this i think we may conclude. 
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that there is no Foundation in Nature for, nor can 
any valuable End be ferved by applying Meafure to 
any, thing but what has thefe two Properties. Firft 
it muft admit of Degrees of greater and Id's. Se¬ 
condly, it muft be affociated with, or related to 
fomething that has proper Quantity, fo as that when 
one is increafed the other is increafed, when one is 
ditninifhed, the other is diminilhed alfo; and every 
Degree of the one muft have a determinate Magni¬ 
tude or Quantity of the other corresponding to it. 

It fometimes happens, that we have Occafion to 
apply different Meafures to the fame thing. Centri¬ 
petal Force, as defined by Newton, may be mea¬ 
sured various Ways, he himfelf gives different Mea¬ 
fures of it, and diftinguifhes them by different 
Names, as may be feen in the above-mentioned 
Definitions. 

In reality, I conceive that the applying of Meafures to 
things that properly have not Quantity,is only a Fiftion 
or Artifice of the Mind, for enabling us to conceive 
more eafily, and more diftindly to exprefs and demon- 
ftrate, the Properties and Relations of thofe things that 
have real Quantity, The Propofitions contained in the 
two firft Books of Newton’s ‘Principia might per¬ 
haps be expreffed and demonftrated, without thofe 
various Meafures of Motion, and of centripetal and 
impreffed Forces which he ufes: But this would 
occafion fuch intricate and perplexed Circumlocu¬ 
tions, and fuch a tedious Length of Demonftrations 
as would fright any fober Perfon from attempting 
to read them, 

4 
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Sect. 3. Coroll, fir ft . 

From the Nature of Quantity we may fee what it 
is that gives Mathematics fuch Advantage over other 
Sciences, in Clearnefs and Certainty namely, that 
Quantity admits of a much greater Variety of Re¬ 
lations than any other Subject of human Reafoning; 
and at the fame time every Relation or Proportion 
of Quantities may by the Help of Lines and Num¬ 
bers be io diftindtly defined, as to be eafily diftin- 
guifned from ail others, without any Danger of Mif- 
take. Hence it is that we are able to trace its Re¬ 
lations through a long Procefs of Reafoning, and 
with a Pcrfpicuity and Accuracy which we in vain 
expedt in Subjects not capable of Menfuration. 

Extended Quantities, fuch as Lines, Surfaces and 
Solids, befides what they have in common with all 
other Quantities, have this peculiar. That their Parts 
have a particular Place and Difpofttion among them- 
felves: A Line may nor only bear any aflignable 
Proportion to another, in Length or. Magnitude, 
but Lines of the fame Length may vary in the Dif¬ 
pofttion of their Parts? one may be ftreight,another 
may be Part of a Curve of any Kind or Dimenfion, 
of which there is an cndlefs Variety. The like 
may be faid of Surfaces and Solids. So that ex¬ 
tended Quantities admit of no lefs Variety with re¬ 
gard to their form than with regard to their Mag¬ 
nitude : And as their various Forms may be exadtly 
defined and meafute.i, no lefs than their Magni¬ 
tudes, hence it is that Geometry, which treats of ex¬ 
tended Quantity, leads us into a much greater Com- 
pafs and Variety of Realoning than any other Branch 

of 
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of Mathematics. Long Deductions in Algebra for 
the moft parrare made, not fo much by a Train of 
Reafoning in the Mind, as by an artificial kind of 
Operation, which is built on a few very fimple 
Principles: But in Geometry we may build one 
Proportion upon another, a third upon that, and fo 
on, without ever coming to a Limit which we can¬ 
not exceed. The Properties of the more fimple 
Figures can hardly be exhaufted, much lefs thofe 
of the more complex ones. 

Sect. 4. Cor oil. 2. 

It may I think be deduced from what hath been above 
faid, That mathematical Evidence is an Evidence Jht 
generis , not competent to any Propofition which does 
not exprefs a Relation of Things meaiurable by Lines 
or Numbers. All proper Quantity may be meafured 
by thefc, and improper Quantities muft be meafured 
by thofe that are proper. 

There arc many Things capable of More and Left, 
which perhaps are not capable of Menfuration. 
Taflcs, Smells, the Scnfations of Heat and Cold, 
Beauty, Plcafure, all the Affections and Appetites 
of the Mind, Wifdom, Folly, and moft Kinds of 
Probability, with many other Things too tedious to 
enumerate, admit of Degrees, but have not yet been 
reduced to Mcafure,. nor, as I apprehend, ever can 
be. I fay, moft Kinds of Probability, becaufe one 
Kind of it, viz. the Probability of Chances is pro¬ 
perly mcafurablc by Number, as is above obferved. 

Altho’ Attempts have been made to apply mathe¬ 
matical Reafoning to forne of thefe Things, and the 
Quantity of Virtue and Merit in Actions has been 

meafured 


2 
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meafurcd by ftmple and compound Ratios yet I 
do not think that any real Knowlege has been ftruck 
out this Way: It may perhaps, it* ditcrerely ufed, be 
a Help to Difcourfc on thcle Sub)eels, by plcafing the 
Imagination, ami illullrating what is already known; 
but until our Atfc&ions and Appetites fhall themfclves 
be reduced to Quantity, and exact Mcaiurcs of their 
various Degrees be alligned, in vain (hail we effav ro 
meafure Virtue and Merit by them. This is only to 
ring Changes upon Words, and to make a Shew of 
mathematical Realoning, without advancing one 
Step in real Knowlege. 

Sect. y. Coroll. 3. 

I apprehend the Account that hath been given of 
the Nature of proper and improper Quantity may 
alfo throw feme Light upon the Cotitroverly about 
the force of moving Bodies, which long cxe reified 
the Pens of many Mathematicians, and for what I 
know is rather drop’d than ended; to the no fmall 
Scandal of Mathematics, which hath always beaded 
of a Degree of Evidence, inconfillcnt with Debates 
that, can be brought to no lilac. 

Tito' Philosophers on both Sides agree with one 
another, and with the Vulgar in this, That the 
Force of a rooting Body is the fame, while its Ve¬ 
locity is the fame, is inereaied when its Velocity is 
increaud, and diminiHied when that is diminifhed. 
But this vague Notion of Force, in which both Sides 
agree, the' perhaps IlirHcient for common Difeourfe, 
yet is not iuftleicnt to make it a Subject of mathe¬ 
matical Realoning: In order to that, it muft be 
more accurately defined, and fo defined as to give 

us 
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us a Meafure of it, that we may underftand what is 
meant by a double or a triple Force. The Ratio of 
one Force to another cannot be perceived but by a 
Meafure; and that Mcafure muft be fettled not by 
mathematical Reafoning, but by a Definition. Let 
any one confider Force without relarion to any other 
Quantity, and fee whether he can conceive one 
Force exactly double to another; I am fure I cannot, 
nor fhall, till I fhall be endowed with forne new Fa* 
culty; for I know nothing of Force but by its EfFedls, 
and therefore can mcafure it only by its EfFedts. Till 
Force then is defined, and by that Definition a 
Mcafure of it affigned, we fight in the dark about a 
vague Idea, which is not fufficiently determined to 
be admitted into any mathematical Propofition. 
And when fuch a Definition is given, the Contro- 
verfy will prefcntly be ended. 

Sect. 6 . 

Of the Newtonian Meafure of Force. 

You fay, the Force of a Body in Motion is as its 
Velocity : Either you mean to lay this down as a 
Definition as Newton himfeif has done ; oryou mean 
to affirm it as a Propofition capable of Proof. If you 
mean to lay it down as a Definition, it is no more 
than if you fhould fay, I call that a double Force 
which gives a double Velocity to the fame Body, a 
triple Force which gives a triple Velocity, and fo 
on in Proportion. This I intirely agree to; no 
mathematical Definition of Force can be given that 
is more clear and fimpie, none that is more agree¬ 
able to the common Ufc of the Word in Language. 

For, 



[ s r s 3 

For fince all Men agree, that the Force of the Body 
being the fame, the Velocity muft alfo be the fame; 
the Force being increafed or diminifhed, the Velocity 
muft be fo alfo, what can be more natural or pro¬ 
per than to take the Velocity for the Meafure of 
the Force? 

Several other things might be advanced to fhew 
that this Definition agrees beft with the common 
popular Notion of the Word Force. If two Bodies 
meet directly with a Shock, which mutually de- 
ftroys their Motion without producing any other 
fenfible Effect, the Vulgar would pronounce, with¬ 
out Hefitation, that they met with equal Force; and 
fo they do, according to the Meafure of Force above 
laid down: For we find by Experience, that in this 
Cafe their Velocities are reciprocally as their Quan¬ 
tities of Matter. In Mechanics, where by a Machine 
two Powers or Weights are kept in eqtiilibrio , the Vul¬ 
gar would reckon that thefe Powers act with equal 
Force, and fo by this Definition they do. The 
Power of Gravity being conftant and uniform, any 
one would expect that it fhould give equal Degrees 
of Force to a Body in equal Times, and fo by this 
Definition it does. So that this Definition is not 
only clear and fimple, but it agrees bed with the 
Ufe of the Word Force in common Language, and 
this I think is all that can be defi.ei in a Defi¬ 
nition. 

But if you are not fatisfied with laying it down 
as a Definition, that the Force of a Body is as its 
Velocity, but will needs prove it by Demonftration 
or Experiment; I muft beg of you, before you take 
one Step in the Proof, to let me know what you 

Y y y mean 
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mean by Force, and what by a double or a triple 
Force. This you muff do by a Definition which 
contains a Meafure of Force. Some primary Mea- 
iure of Force rnuft be taken for granted, or laid 
down by way of Definition ; etherwife. we can 
never rcafon about its Quantity. And why then 
may you not take the Velocity tor the primary Mca- 
idrc as well as any other? You will find none that 
is more fimulc, more diftinev, or more agreeable to 
the common Ufe of the Word Force: And he that 
rejects one Definition that has thefe Properties, has 
equal Right to reject any other. I fay then, that it 
is irnpofiible, by mathematical Rcafoningcr Experi¬ 
ment, to prove that the Force of a Body is as its 
Velocity, without taking for granted the thing you 
would prove, or fomething elfc that is no more 
evident than the thing to be proved. 

Sect. 7. 

Of the Leibnitzian Meafure of Force. 

Let us next hear the Leibnitzian , who fays, that 
the Force of a Body is as the Square of its Velocity. If 
he lays this down as a Definition, I fhall rather 
agree to it, than quarrel about Words, and for the 
future fhall underftand him, by a quadruple Force 
to mean that which gives a double Velocity, by 9 
times the Force that which gives three times the 
Velocity, and fo on in duplicate Proportion. While 
he keeps by his Definition, it will not neceftarily 
lead him into any Error in Mathematics or Mecha¬ 
nics. For, however paradoxical his Conciufions 
may appear, however different in Words from theirs 
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who meafure Force by the fimple Ratio of the Velo¬ 
city $ they will in their Meaning be the fame: Juft as 
he who would call a Foot twenty-four Inches, with¬ 
out changing other Meafures of Length, when he 
fays a Yard contains a Foot and a half, means the 
very fame as you do, when you fay a Yard contains 
three Feet. 

But tho’ I allow this Meafure of Force to be dif- 
tinft, and cannot charge it with Falfhood, for no 
Definition can be falfe, yet I fay in the firft place, 
it is lefs fimple than the other $ for why fliould a 
duplicate Ratio be ufed where the fimple Ratio 
will do as well i In the next place, this Meafure 
of Force is lefs agreeable to the common Ufc of the 
Word Force, as hath been fhewn above; and this 
indeed is all that the many laboured Arguments and 
Experiments, brought to overturn it, do prove. 
This alfo is evidenr, from the Paradoxes into which 
it has led its Defenders. 

We are next to confider the Pretences of the 
Leibnitzian, who will undertake to prove by De- 
monftration, or Experiment, that Force is as the 
Square of the Velocity. I ask him firft, what he 
lays down for the firft Meafure of Force ? The only 
Meafure I remember to have been given by the 
Philofophers of that Side, and which feents firft of 
all to have led Leibnitz into his Notion of Force 
is this: The Height to which a Body is impell’d by 
any imprefied Force, is, fays he, the whole Effcdt 
of that Force, and therefore muft be proportional 
to the Caufe: But this Height is found to be as the 
Square of the Velocity which the Body had at the 
Beginning of its Motion. 

y y y 2 
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In this Argument I apprehend that great Man has 
been extremely unfortunate. For, ijl , Whereas all 
Proof fhould be taken from Principles that are com¬ 
mon to both Sides, in order to prove a thing we 
deny, he aflumes a Principle which we think far¬ 
ther from the Truth; namely, that the Height to 
which the Body rifes is the whole Effect of the 1 m- 
pulfe, and ought to be the whole Meafure of it. 
idly, His Reafoning ferves as well againft him as 
for him : For may I not plead with as good Reafon 
at leaft thus? The Velocity given by an imprdTed 
Force is the whole Effeft of that imprefled Force ; 
and therefore the Force muft be as the Velocity. 
3 dly, Suppofing the Height to which the Body is 
railed to be the Meafure of the Force, this Princi¬ 
ple overturns the Conclufion he would eftablifh by 
it, as well as that which he oppofes. For, fuppoling 
the firft Velocity of the Body to be ftill the fame j 
the Height to which it rifes will be increafed, if 
the Power of Gravity is diminifhed; and diminifhed, 
if the Power of Gravity is increafed. Bodies defeend 
flower at the Equator, and fafter towards the Poles, 
as is found by Experiments made on Pendulums. 
If then a Body is driven upwards at the Equator 
with a given Velocity, and the fame Body is after¬ 
wards driven upwards at Leipfick with the fame 
Velocity, the Height to which it rifes in the former 
Cafe will be greater than in the latter; and there¬ 
fore, according to his Reafoning, its Force was 
greater in the former Cafe; but the Velocity in 
both was the fame; confequently the Force is not 
as the Square of the Velocity any more than as the 
Velocity. 


Sect. 
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Sect. 8 . 

Reflections on this Controverfly. 

Upon the whole, I cannot but think the Contro- 
vcrtills on both Sides have had a very hard Task; 
the one to prove, by mathematical Rcafoning and 
Experiment, what ought to be taken for granted, 
the other by the fame means to prove what might be 
granted, making fome Allowance for Impropriety 
of Exprcffion, but can never be proved. 

If fome Mathematician fhouldtakc it in his Head; 
to affirm, that the Velocity of a Body is not as the 
Space it pa lies over in a given Time, but as the 
Square of that Space; you might bring mathemati¬ 
cal Arguments and Experiments to confute him; 
but you would never by thefe force him to yield, 
if he was ingenuous in his Way; becaufe you have 
no common Principles left you to argue from, and 
you differ from one another, not in a mathematical 
Propofition, but in a mathematical Definition. 

Suppofc a Philofophcr has confider’d only that 
Mcalurc of centripetal Force which is proportional 
to the Velocity generated by it in a given Time, 
and from this Meafurc deduces fevcral Propofitions. 
Another Philofophcr in a diftant Country, who has 
the fame general Notion of centripetal Force, takes 
the Velocity generated by it, and the Quantity of 
Matter together,, as the Mcafure of ir. From this 
lie deduces fevcral Conclufions, that feem dirc&ly 
contrary to thofe of the other. Thereupon a ferious 
Controverfy is begun, whether centripetal Force be 
as the Velocity, or as the Velocity and Quantity of 
Matter taken together. Much mathematical and 
4 > experimental 
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experimental Dud is railed; and yet neither Party 
can ever be brought to yield; for they arc both in 
ihe right, only they have been unlucky in giving 
rhe fume Name to diilerent mathematical Concep¬ 
tion;;. Had they diilinguifhcd thefe Meafurcs of 
centripetal Force as Nekton has done, calling the 
one Vis cciii i ipct.e Cn ant it at is acceleratrix, the 
other Qaatitas matrix ; all Appearance of Contra¬ 
diction had ceafed, and their Propofitions, which 
lean lo contrary, had exactly tallied. 

VI. A Letter from Rich. Haflel Efq\ F.R.S. 
to Peter Daval FJq\ Seer. R. S. concernmg 
a large Piece of a Lath being thrufl hito 
a Alan's Eye, who recover'd of it. 

S I R, 

Rc.g Nov. io.t* THOUGHT the following Cafe fo 
,7 4S. extraordinary as to be worth the No¬ 

tice of the Royal Society. It you think lb too, I 
beg you to communicate it. 

On Sunday the 17 th of Jan. 1747. Henry Halfey, 
of South Mims, Labourer, thrutl a long Lath with 
great Violence into the great Cant bus of the left 
Eve of Edward Roberts of the fame Place Labourer, 
which broke olf quite fhort; fo that a Piece two Inches 
and near a half long, half an Inch wide, and above a 
quarter of an Inch thick, {fee Tau I.) remained in his 
Head,and was fo deeply buried there,that it could fcarcc 

be 




